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Transparent conducting amorphous thin films in the systems of ZnO?In2O3 and ZnO?SnO2 could 
be deposited on glass substrates by simultaneous DC magnetron sputtering and/or pulsed laser 
deposition techniques.  Post-annealing under the reductive gas flow was effective on improving 
surface roughness of the amorphous ZnO?In2O3 films deposited by the sputtering method.  
Introduction of Ar gas as a background gas into a chamber enabled to deposit flat transparent 
conducting amorphous films directly on the substrates by means of the pulsed laser deposition.  
Resistivity of amorphous ZnO?SnO2 thin films deposited by the sputtering increased linearly with 
an increase of zinc content, until the composition reached Zn2SnO4.  The linear decrease in 
resistivity was attributable to a linear carrier concentration probably due to that the increased 
number of zinc cations occupying the tetrahedral sites in the amorphous structure. 
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Fig. 3 Electrical parameters for amorphous ZnO-In2O3 
films deposited by the sputtering method.  Closed and 
open symbols are for as-deposited and as-annealed films.  
Triangles, squares and circles represent Hall mobility, 



















Fig.4 SEM (left-hand) and AFM (right-hand) images of 
amorphous ZnO-In2O3 films by the sputtering method. a): 
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Fig. 7 AFM images of amorphous ZnO-In2O3 films by the 
PLD method. Left: O2 60ccm, and Right: O2 30ccm + Ar 
30ccm. 
Fig. 5 Optical transmission spectra for for amorphous 



































































































Fig. 6 Electrical parameters for amorphous ZnO-In2O3 films 
deposited by the PLD method.  Squares, triangles and 
circles represent Hall mobility, carrier concentration and 
resistivity, respectively. 
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Fig. 9 Sn-K XANES spectra of amorphous ZnO-SnO2 films.
Fig.8 Electrical parameters for amorphous ZnO-SnO2 films 
deposited by the sputtering method.  Squares, triangles and 
















1) R.G. Gordon, “Criteria for Choosing Transparent 
Conductors”, MRS Bulletin, 2000(8), 22-27 (2000). 
2) T. Moriga, D.D. Edwards, T.O. Mason, G.B. Palmer, K.R. 
Poeppelmeier, J.L. Schindler, C.R. Kannewurf, I. 
Nakabayashi, “Phase Relationships and Physical Properties 
of Homologous Compounds in the Zinc Oxide?Indium 
Oxide System”, J. Am. Ceram. Soc., 81(5), 1310-1316 
(1998). 
3) T. Moriga, T. Okamoto, K. Hiruta, A. Fujiwara, I. 
Nakabayashi, K. Tominaga, “Structures and Physical 
Properties of Films Deposited Simultaneous DC Sputtering 
of ZnO and In2O3 or ITO Target”, J. Solid State Chem., 
155(2), 312-319 (2000). 
4) A. Fukushima, Y. Hayashi, K. Kondo, T. Moriga, K. Murai, 
I. Nakabayashi, K. Tominaga, “Annealing Effects on 
Transparent Conducting Properties of Amorphous ZnO and 
In2O3 Films”, Int. J. Mod. Phys. B, 8&9, 1188-1192 
(2003). 
5) T. Moriga, S. Hosokawa, T. Sakamoto, A. Fukushima, K. 
Murai, I. Nakabayashi, K. Tominaga, “Transparent 
Conducting Amorphous Oxides in Zinc Oxide?Indium 
Oxide System”, Advances in Science and Technology ,33 
Part D, 1051-1060 (2003). 
6) Y. Hayashi, K. Kondo, K. Murai, T. Moriga, I. 
Nakabayashi, H. Fukumoto, K. Tominaga, “ZnO?SnO2 
Transparent Conductive Films Deposited by Opposed 
Target Sputtering System of ZnO and SnO2 targets”, 
Vacuum, 74, 607-611 (2004). 
7) T. Moriga, Y. Hayashi, K. Kondo, Y. Nishimura, K. Murai, 
I. Nakabayashi, H. Fukumoto, K. Tominaga, “Transparent 
Conducting Amorphous Zn-Sn-O Films Deposited by 
Simultaneous dc Sputtering”, J. Vac. Sci. Tech. A, 22(4), 
1705-1710 (2004). 
8) T. Moriga, M. Mikawa, Y. Sakakibara, Y. Misaki, K. Murai, 
I. Nakabayashi, K. Tominaga, J.B. Metson, “Effects of 
Introduction of Argon on Structural and Transparent 
Conducting Properties of ZnO?In2O3 Thin Films Prepared 
by Pulsed Laser Deposition”, Thin Solid Films, in press 
(2005). 
9) M. Mikawa, T. Moriga, Y. Sakakibara, Y. Misaki, K. Murai, 
I. Nakabayashi, K. Tominaga, “Preparation of ZnO?In2O3 
Transparent Conducting Thin Films by Pulsed Laser 
Deposition”, to be submitted to Mater. Res. Bull. 
